Abstract
Introduction 29
Building information modelling (BIM), as the fast-growing digital technology worldwide, is 30 undergoing increasing applications in the architecture, engineering, and construction (AEC) 31 industry in developing countries such as China. Most influential studies in BIM have focused 32 on its application and implementation (Yalcinkaya and Singh, 2015) . Management-based 33 research (e.g., collaboration) in BIM have not received the attention that it deserves (Oraee et 34 al., 2017) , although it has been emphasized as a core research area (He et al., 2017) . Unlike 35 other more traditional project management (PM) areas, such as safety, which has its well-36 established management system (MS) that is strongly related to safety climate and safety 37 culture (Fernández-Muñiz et al., 2007), BIM has not been fully developed within its own 38 knowledge system. There is still insufficient development of BIM-related MS, as well as BIM-39 based climate and culture within AEC individuals or organizations. Most existing 40 management-based studies in BIM focused on the industry, company or project levels (e.g., 41 Said and Reginato, 2018) while disregarding the impact of perceptions at the individual level 42 managerial BIM by proposing BIM climate; 2) introducing the regional gap as an influencing 178 BIM management stimulator (e.g., regional policy and guideline development); and 3) serving 179 as the theoretical guide for future research by applying the developed BIM knowledge 180 framework to other large construction markets (e.g., India and Vietnam). Both BIM and safety 181 have relied on or refer to the concept of management as a substantial factor; BIM rather as a 182 management tool and safety as an issue to be managed. More importantly both of them have 183 the human factor (referred to as 'people' hereafter in the interest of better flow of argument 184 and convenience) at their core with a major difference. While safety is determined (achieved 185 or otherwise breached) due to people's behaviors/actions, its potential impact on people (and 186 their personal and professional lives) is indisputable and probably far more substantial with 187 more long-lasting effects. BIM by slight contrast is highly dependent on people and their 188 attitudes towards it as to how seriously/fundamentally or otherwise they take it on board, 189 commit to or comply with its preliminaries, processes, requirements and changes it entails in 190 the working culture and working ethos in the AEC industry. It will of course have some 191 reciprocal impact on people, their professional practice and other aspects overarching personal 192 to interpersonal and organisational culture, in return. 193
When it comes to interrelationship between BIM and safety, this link is one way meaning 194 that the research suggesting BIM can and/or will have an impact on safety is not few and far 195 between (e.g., Park and Kim, 2013; Zhang, et. al, 2013; Riaz, et. al, 2014; Zhang, et. al, 2015a; 196 Zhang, et. al, 2015b; Ding, et. al, 2016 ; Kim, et. al, 2016; Malekitabar, et. al, 2016; Martínez-197 Aires, et. al, 2018) among many others), but there is almost nothing to suggest the other way 198
round. This research aims to lay the foundation for reciprocation of this one way 199 interrelationship between BIM and safety by suggesting that what has been trialled (and to a 200 very reasonable extent proven to be credible) in safety may be applicable to BIM to suggest a 201 similar context (i.e. climate) for BIM, like what it is in safety. This has been the working 202 hypothesis of this study building upon a 'testing theory' approach in this paper and is yet 203 subject to further investigation in the future. However, in the meantime it remains to be a 204 potentially valid theory under development. The research team's earlier pilot studies also indicated that both AEC practitioners and the 231 governmental authority have been working on promoting BIM usage in order to enhance the 232 adoption of digital technologies in Wenzhou's AEC market. However, the local BIM climate 233 in less BIM-developed regions (e.g., Wenzhou) has not been studied. Therefore, the two 234 samples (i.e., Shanghai and Wenzhou) were selected to represent a BIM-developed region and 235 a BIM-developing region in this case study to fulfil the regional variation factor within the 236 initiated framework in Fig.3 . The researchers also believed that comparison between the two 237 metropolitan cities would provide the big picture of the similarities and differences in the BIM 238 climate between BIM leading regions and less mature counterparts. 239 According to Fig.2 , a questionnaire survey based approach was adopted in the case study 240 to collect information regarding individual perceptions towards BIM implementation among 241 AEC practitioners from Shanghai and Wenzhou. Questionnaire survey has been adopted in 242 BIM perception-related studies (e.g., Ding et al., 2015; Cao et al., 2016) . A follow-up 243 comparative statistical analysis was conducted to investigate the consistencies and differences 244 in BIM climate between Shanghai and Wenzhou. 245
Questionnaire survey 246
The questionnaire was used with two major types of questions (i.e., multiple-choice and Likert-247 scale). These questions were divided into two sections as can be seen in the Appendix. employees. The sampling strategy in this research leaned towards purposive sampling, but did 264 not intend to construct the sample size to ensure a more desirable outcome. Therefore, as the 265 samples were picked up in specialized BIM communities and practices in both cities where 266 BIM enthusiastic professionals were expected to attend, the sampling was not stratified any 267 where w stands for the Likert score chosen by each survey participant for every item. It 295 ranges numerically from 1 to 5. A is the maximum value that can be assigned to a Likert-scale 296 item and it is equal to 5 in this study. N denotes the number of responses. The RII value ranges 297 from 0 to 1. An item with a higher RII score would indicate that it ranks higher within the given 298 section, meaning its relatively higher importance. 299
Cronbach's Alpha 300
The Cronbach's Alpha value (Cronbach, 1951) was adopted in this study to evaluate the 301 internal consistency of Likert-scale items in each of the three sections within this study (i.e., 302 BIM benefits, critical factors, and challenges). These internal consistency analyses were carried 303 out for Shanghai, Wenzhou, and the combined samples. With the value ranging from 0 to 1, 304 and a higher value would indicate a higher degree of internal consistency among items. 305
According to George and Mallery (2003) , the overall Cronbach's Alpha value over 0.700 306 would be considered acceptable, the value over 0.800 indicates a good internal consistency, 307 and its value higher than 0.900 is deemed excellent. Besides the overall value within each 308 Liker-scale section, an individual Cronbach's Alpha value with corresponding Item-total 309
Correlation indicate the individual item's contribution to the overall consistency. An individual 310
Cronbach's Alpha value lower than the overall value means that this item contributes positively 311 to the overall consistency. Otherwise, an individual value higher than the overall value suggests 312 that respondents are more likely to perceive differently towards this given item as they 313 normally do to the remaining items. 314
Two-sample t-test 315
The two-sample t-test, as one type of parametric method, was adopted in this study to test the 316 mean values between Shanghai and Wenzhou survey participants for each Likert-scale item. Table 1>  333  334 Following Table 1 , it could be indicated that these two independent PM areas (i.e., safety 335 management and BIM management) share highly consistent dimensions, such as individual 336 perception which is a key measurement for climate in safety management. The individual 337 perceptions covered multiple categories such as importance or benefits, risks, and factors 338 affecting the implementation in both safety management and BIM management. 
Background information of survey participants 381
The background information of respondents includes their professions and experience of BIM 382 usage. Table 2 Table 2 conveys the information that there was a wider distribution of professions among 386
Shanghai respondents compared to Wenzhou participants, the majority of whom were 387 architects and engineers. The average years of using BIM in the combined sample, Shanghai, 388 and Wenzhou were 2 years, 3 years, and 9 months respectively. Both the average value and 389 box plots Shown in Fig.4 likely to adopt China's domestic BIM tools (e.g., Hongye, 2017) . 416
Perceptions towards benefits in adopting BIM 417
In this section, survey participants were asked for their opinions on benefits of implementing 418 BIM by choosing a numerical value from 1 to 6 for each Likert-scale item. With 1 indicating 419 "strongly disagree", 3 meaning "neutral", 5 standing for "strongly agree", and an extra option 420 6 given for those who were unsure of the answer, totally 13 Likert-scale items were included 421 as shown in Table 4 . Excluding the answers of 6, the mean values and t-test results are 422 presented in Table 4 . 423 <Insert Table 4>  424 All p values higher than 0.05 in Table 4 perception between "agree" and "strongly agree" towards these six items. In comparison, only 431 four items (i.e., B1, B2, B3, and B4) received mean scores higher than 4.00 among Shanghai 432 respondents. The RII values, rankings, and internal consistency analysis listed in Table 5 would  433 further indicate respondents' perceptions towards these 13 BIM benefit-related items. 434 <Insert Table 5>  435 According to Table 5 , reducing omissions and errors in design and construction was ranked 436 as the top benefit of using BIM among both Shanghai and Wenzhou respondents. Other highly 437 ranked benefits from both Shanghai and Wenzhou groups included reducing rework, better 438 project quality, and offering new services (e.g., BIM consultancy). Fewer claims/litigations 439 and recruiting/maintaining employees were the two lowest ranked items marked by both 440
Shanghai and Wenzhou respondents. The high overall Cronbach's Alpha values shown in 441 
Perceptions towards factors influencing BIM implementation 451
Following the empirical study of benefits that could be achieved through BIM usage, the 452 question was also asked as to what factors play key roles for successful BIM implementation 453 in AEC projects. Totally 14 factors were generated and listed in Table 5 . Survey participants 454
were asked to assign a numerical score to each factor. The numerical score ranges from 1 to 6, 455 with 1 indicating "least significant", 2 being "insignificant", 3 meaning "neutral", 4 indicating 456 "significant", 5 referring to "most significant", and 6 given for those who were unsure of the 457 answer. Excluding those who chose 6, all the rest numerical answers were incorporated for the 458 two-sample t-test as well as RII and internal consistency analysis as presented in Table 6 and 459 Table 7 . 460 <Insert Table 6 here>  461   462 It can be seen from Table 6 that Shanghai and Wenzhou survey participants generally held 463 consistent views on these factors influencing BIM applications, except F4 (i.e., clients' 464 knowledge of BIM). Shanghai respondents perceived F4 a more significant influencing factor 465 for BIM implementation, with the mean score above 4.00. Wenzhou respondents had the mean 466 score of 3.60, showing the opinion between "neutral" and "significant". 467 <Insert Table 7>  468 From 
Perceptions towards challenges encountered in BIM implementation 485
Besides identifying the factors that significantly affect BIM's successful application, the 486 research team also investigated difficulties or challenges encountered in BIM implementation. 487
Nine Likert-scale items were asked in this category, with 1 meaning "very easy to overcome 488 the given challenge", 2 indicating "not hard to overcome", 3 being "neutral", 4 referring to 489 "difficult to overcome", 5 being "most difficult to overcome", and the extra 6 meaning "not 490 sure of the answer". The responses of 6 were excluded from the statistical analysis, and the 491 remaining numerical options for each item were calculated and summarized in Table 8 and 492 Table 8 and Table 9 indicated that none of these items were perceived difficult to overcome, 502 as all items had Likert-scale mean scores below 4.00 and RII values below 0.800. The difficulty 503 ranked highest by both Shanghai and Wenzhou respondents was D1, which referred to the 504 sufficient evaluation of BIM value in AEC projects. Wenzhou respondents held the views 505 between "neutral" and "difficult to overcome" for all the nine items. In contrast, Shanghai 506 respondents perceived the following factors between "not difficult to overcome" and "neutral": 507 D5 (lack of governmental regulation), D6 (cost upgrading hardware), D7 (cost of purchasing 508 BIM software), D8 (cultural acceptance of BIM from entry-level staff), and D9 (effective BIM 509 training), possibly due to the more established and longer history of BIM implementation in 510 Shanghai compared to Wenzhou. All Cronbach's Alpha values over 0.800 infer that all the 511 three samples in Table 9 had good internal consistencies. However, exceptions were found in 512 all of these samples. Shanghai respondents and the combined sample perceived D5 (i.e., lack 513 of government regulation) differently as they normally did to other items. Wenzhou 514 respondents held different views on D4 and D9. Basically, Wenzhou respondents were more 515 likely to perceive more difficulties of the lack of client requirements and less challenges in 516 effective training as they typically did to other challenge-related items in Table 9 . 517 518
Perceptions on the risks associated within BIM practice 519
Survey participants were also asked to rank their perceptions of risks associated with 520 implementing BIM. These risks were categorised into technical risks from T1 to T4, human 521 resource related risks from H1 to H4, financial risks from E1 to E3, management risks from 522 M1 to M3, and other risks from O1 to O4. The description of each risk item is provided in 523 China has large regional variations in BIM implementation and lessons learned from BIM-554 leading regions (e.g., Shanghai) could provide guides for less BIM-developed regions. This 555 study adopted the hypothesis that different metropolitan cities had inconsistent BIM climate 556 defined by individual perceptions. Shanghai and Wenzhou were adopted as two samples for 557 the comparative analysis of BIM climate in this research. Shanghai, due to its more developed 558 BIM market in terms of both policy movement and AEC industry practice, had its BIM 559 practitioners covering a wider range of different AEC professionals. Wenzhou, due to its less 560 developed BIM market, had its BIM users limited to architects and engineers. It could also be 561 inferred that Shanghai respondents were more likely to adopt international BIM software tools 562 such as Autodesk (2017), Bentley (2017) , and Dassualt (2017). In contrast, Wenzhou's BIM 563 users had higher percentages in adopting domestic software tools (e.g., Glondon, 2017 ; 564 Hongye, 2017) . The reason could be due to the fact that Shanghai is a more international and 565 a diverse metropolitan city, with more overseas AEC firms and BIM software developers (e.g., 566
Autodesk, 2017) establishing their regional offices there. The internal consistency analyses for Shanghai, Wenzhou, and the combined sample 584 generally indicated satisfactory internal consistency for respondents' perceptions towards BIM 585 benefits, critical factors, and challenges encountered in BIM practice. Nevertheless, Wenzhou 586 respondents had relative lower internal consistency compared to their peers from Shanghai. 587 Specifically, they were more likely to perceive: 1) more BIM benefits in reducing rework; 2) 588 fewer benefits in recruiting and retaining AEC employees; 3) more challenges in lack of client 589 requirements; and 4) a lower degree of challenge from lack of effective training as they would 590 view other challenge-related items. It was inferred that Wenzhou had less developed BIM 591 market with less sophisticated clients requiring BIM adoption. Shanghai respondents tended 592 to perceive more crucial of BIM-knowledgeable professionals on project teams. 593
Significant differences between Shanghai and Wenzhou respondents were also found in 594 perceiving risks associated with BIM implementation. Specifically, more Wenzhou 595 respondents considered the understanding and application of BIM technology itself a major 596 risk, while more Shanghai respondents perceived the adaptation of BIM technology in their 597 own AEC projects, as well as the adjustment of PM pattern due to BIM application as major 598 risks. The differences in perceiving these three risk items between Shanghai and Wenzhou 599 respondents could also be explained by the different BIM maturity levels and experience 600 between these two metropolitan cities. As Shanghai BIM users had more experience in 601 adopting BIM in their AEC projects, they would tend to experience more risks from PM level 602
and how BIM could better be adapted into their own AEC projects (e.g., interoperability among 603 different BIM tools in one single project). As Wenzhou practitioners were mostly at beginning 604 stages of learning and gradually applying BIM, they were more likely to view more risks in 605 understanding and adopting the BIM technology. Although Shanghai represents regions with 606 leading BIM practices in China, they still perceived, consistently with their Wenzhou 607 counterparts, the lack of industry standard as one major risk in practicing BIM. It was also 608 inferred that multiple risks covering technical, human resources, financial, management, and 609 other aspects should be considered for successful implementation of BIM. 610
The established BIM climate-based framework was applied to comparison between 611 subgroups from different regions. The regional variation in BIM experience levels in this 612 empirical study was found correlated to certain degree of differences in BIM climate. 613
Following the framework described in Fig.2 , future studies of BIM implementation could 614 expand the current individual perception-based BIM climate to organization-based BIM 615 culture. 616
Conclusions 617
This study adopted a holistic approach by first initiating a BIM climate-involved framework 618 aiming to fill the current knowledge gap in BIM-related management, followed by an empirical 619 case study applying the framework. In the empirical study, BIM climate, which was measured 620 by AEC practitioners' perceptions towards benefits, influencing factors, challenges, and risks 621 related to BIM implementation, was studied addressing the subgroup comparisons for BIM 622 The contribution of this study is two-fold, from both scholarly and practical perspectives. 638
In the scholarly aspect, the study initiated the framework for linking BIM climate to BIM (Cox and Flin, 1998) Individual perceptions on BIM management and practice (Lee et al., 2015) Safety procedure/policies/rules (Chen and Jin, 2012) BIM standards/guidelines Perception of risk (Brown and Holmes, 1986) Perception 916  917  918  919  920  921  922  923  924  925  926  927  928  929  930  931  932  933  934  935  936  937  938  939  940  941  942  943  944  945  946  947  948 
